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Introduction
Aspergillus fungi are a common contaminant of bakery and 
silage products, and some of these fungi produce several 
mycotoxins (Cheli et al. 2013). Because these compounds 
can cause economic loss and may affect human health, 
many approaches have been used to control fungal con-
tamination. Although the approaches are usually based on 
heat or chemical treatment, antifungal agents produced by 
microorganisms may alternatively be focused on as bio-
control agents (Igarashi et  al. 1997). We previously dem-
onstrated that Candida maltosa NP9 from a commercial 
Iranian cheese generates volatile isoamyl acetate and isoa-
myl alcohol, which inhibit the spore germination of Asper-
gillus brasiliensis NBRC9455 (Ando et  al. 2012, 2015). 
These volatile compounds also exhibited antifungal activi-
ties against various filamentous fungi including Aspergil-
lus nidulans NBRC33017, Aspergillus fumigatus No.232, 
Penicillium chrysogenum IAM13780, Rhizopus javanicus 
IAM6028, Mucor roxianus IAM6131, Botryotinia fuckeli-
ana IAM5126, and Fusarium oxysporum IAM5009.
Bacillus species and related bacteria are industrially 
useful and produce antimicrobial peptides (Mogi and 
Kita 2009). Bacillus subtilis and Bacillus amyloliquefa-
ciens produce iturins (Bonmatin et  al. 2003). Iturins are 
heptapeptides linking the beta-amino fatty acid and iturin 
A produced by B. subtilis RB14 exhibits a strong anti-
biotic activity with a broad antifungal spectrum (Ohno 
et  al. 1995). Bacillus brevis produces gramicidins and 
tyrocidines (Tang et al. 1992) and Aneurinibacillus mig-
ulanus  ATCC9999T produces gramicidin S (Berditsch 
et al. 2007b). Gramicidins are pentapeptides (gramicidin 
A, B, and C) and gramicidin S is a cyclized cationic deca-
peptide. Tyrocidines is a mixture of cyclic decapeptides 
(tyrocidine A, B, and C). Gramicidins and Tyrocidines 
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exhibit antimicrobial and antifungal activities. Although 
gramicidin S has an antibiotic activity against a broad 
spectrum of Gram-negative and Gram-positive bacteria 
and several pathogenic fungi, hemolytic activity of gram-
icidin S restricts its use to topical applications (Mogi and 
Kita 2009). Under these circumstances, Bacillus species 
and the related bacteria have attracted much attention 
in the exploration for new antifungal and antibacterial 
substances.
The exploration of deep-sea environments has emerged 
as a new frontier in pharmaceutical development (Skro-
peta 2008). To investigate the utilities of deep-sea micro-
organisms, we have isolated and characterized several 
deep-sea microorganisms (Aono et al. 2010; Kurata et al. 
2007). Cold seep areas have been found in subduction 
zones of continental margins, mud volcanoes, and deep-
sea trenches (Kulm et al. 1986; Li et al. 1999a, b), and the 
microbial diversity in cold-seep biological communities 
has received attention because of those specific micro-
bial processes (Heijs et  al. 2007; Sibuet and Olu 1998). 
The biological communities in the cold seep areas con-
sist of mussels, clams, and tubeworms, and are supported 
by microbial chemosynthesis utilizing methane, sulphur, 
sulphide, and so on, seeping through the geological pro-
cesses of the seafloor (Boetius et al. 2000; Fujiwara et al. 
2001; Li and Kato 1999). Study of the microbial diversity 
of the Calyptogena sediment (depth; 1168  m) and bac-
terial mat (depth; 1174  m) in Sagami Bay revealed that 
the microbial community at this site is distinct from other 
cold seep sites (Fang et al. 2006). Epsilonproteobacteria, 
which are abundant in other cold seep sites and hydro-
thermal vents (Urakawa et  al. 1999, 2000), are absent 
from the cold-seep area of Sagami Bay. The Calyptogena 
microbial community in the cold seep area of Sagami 
Bay consists mainly of bacteria that be closely related to 
Shewanella sp. (Gammaproteobacteria) and Desulfob-
ulbus sp. (Deltaproteobacteria) and some archaea that 
be closely related to Sulfolobus sp. (Crenarchaeota) and 
Methanococcus sp. (Euryarchaeota). Although a variety 
of bacteria and archaea have been generally elucidated 
in those cold seep biological communities, very little is 
known concerning microorganisms that exhibit antimi-
crobial activities.
In this study using a deep-sea sediment (depth; 
1171  m) of the Calyptogena community of Sagami Bay 
as the isolation source, we explored the microorganism 
that produces an antifungal substance against filamentous 
A. brasiliensis. The bacterial isolate was phylogenetically 
characterized, and its inhibitory activity against fungus, 
yeast, and Gram-positive and Gram-negative bacteria was 
evaluated. Additionally, the properties of the antifungal 
compound were analyzed.
Materials and methods
Isolation of the deep-sea bacterium with antifungal 
activity
A deep-sea sediment inside the Calyptogena community 
was collected using Hyper-Dolphin remotely operated 
vehicle in the Sagami Bay (35°0.072′N 139°13.477′E), 
Japan, at a depth of 1171 m in January 2010 (Hiyoshi et al. 
2011). The deep-sea sediment was collected and immedi-
ately stored at −80 °C. After 7 months, bacterial isolation 
was carried out. The deep-sea sediment is fine-grained mud 
and an aliquot of the sample was spread on a modified LB 
plate consisting of (w/v) 0.1% Bacto tryptone (Difco), 0.5% 
Bacto yeast extract (Difco), 0.5% glucose, 1.0% NaCl, 0.2% 
 MgSO4·7H2O, 0.02%  K2HPO4, and 1.5% agar (pH 7.4). 
After incubation at 37 °C for 2–3 days, several colonies had 
grown on the plate. For detection of the antifungal activity 
against the filamentous fungus A. brasiliensis NBRC9455, 
the colonies were inoculated onto a spore-mixed LB modi-
fied plate (pH 7.4) consisting 1.0 × 104 spores/ml A. bra-
siliensis NBRC9455 spores. After incubation at 37 °C for 
3 days, colonies with inhibition zones of A. brasiliensis 
NBRC9455 were isolated as antifungal substance-produc-
ing microorganisms. The colonies were repeatedly purified 
and separated, suspended in a 15% glycerol, and stored at 
−80 °C.
Phylogenetic analysis of bacterial isolate
The bacterial isolate YR247, which exhibits high antifungal 
activity against (A) brasiliensis NBRC9455, was evaluated. 
To determine phylogenetic relationships, 1509  bp of the 
16S rRNA gene fragment was amplified from DNA frac-
tion of strain YR247 by PCR. DNA fraction was extracted 
from bacterial cell pellet of strain YR247 using an Illus-
tra bacteria genomic Prep Mini Spin Kit (GE Healthcare, 
Munich, Germany). The genomic DNA of strain YR247 
was used as a template. The 16S ribosomal DNA sequence 
was amplified and sequenced using universal primers 27f: 
5′-GAG TTT GAT CCT GGC TCA G-3′ and 1525r: 5′-AAA 
GGA GGT GAT CCA GCC -3′ (Lane 1991). The reaction 
solution was 50  µl, including 0.5  µl Blend Taq (2.5  U/
µl, Toyobo Co. Ltd., Osaka, Japan), 5 µl 10× PCR Buffer 
for Blend Taq, 5 µl dNTPs (2 mM), 20 ng template DNA, 
1 µl 27 f primer (10 µM), 1 µl 1525r primer (10 µM) and 
36.5 µl  ddH2O. The amplification was conducted by poly-
merase chain reaction in a PCR thermal cycler (MyCy-
cler, Bio-Rad Laboratories Inc., Richmond, CA). The pro-
gram for the PCR was as follows: denaturation at 94 °C for 
7  min followed by 30 cycles of denaturation at 94 °C for 
45 s, annealing at 55 °C for 45 s, and extension at 72 °C for 
45  s. The DNA sequencing was carried out by FASMAC 
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DNA Sequencing Services (Kanagawa, Japan). Nucleo-
tide substitution rates (Knuc) were determined, and a dis-
tance matrix tree was constructed by using the neighbor-
joining method with the CLUSTAL_X program (Kimura 
1980; Saitou and Nei 1987; Thompson et al. 1997). Align-
ment gaps and unidentified base positions were not taken 
into consideration for the calculations. The topology of 
the phylogenetic tree was evaluated by performing a boot-
strap analysis with 1000 replications (Felsenstein 1985). 
NJ plot software (http://pbil.univ-lyon1.fr/software/njplot.
html) was used to prepare a graphical view of the phylo-
genetic tree. The 16S rRNA gene sequence of (B) subtilis 
 IAM12118T (AB042061) was used as an out group.
Production and purification of the antifungal 
compound
Strain YR247 was aerobically cultured in 2.4 l of LB modi-
fied media containing 0.1% Bacto tryptone (Difco), 0.5% 
Bacto yeast extract (Difco), 0.5% glucose, 1.0% NaCl, 0.2% 
 MgSO4·7H2O, and 0.02%  K2HPO4 (pH 7.4) at 37 °C for 
24 h. After cultivation, a 13.5 g cell pellet was obtained by 
the centrifugation at 6000×g at 25 °C for 10 min. The crude 
extract was prepared according to the reference (Nakai 
et al. 2005). The cell pellet was resuspended in 225 ml of 
ethanol, and the cell suspension was then heated at 95 °C 
for 3.0 min. After centrifugation of the heated cell suspen-
sion at 6000×g at 25 °C for 10 min, 220 ml of the superna-
tant containing the antifungal compound was collected and 
placed on a rotary evaporator. The solvent was removed at 
37 °C and 30  hPa for 30  min, and 150  mg of the residue 
obtained was resuspended in methanol and filtered through 
a 0.2 µM filter to prepare the 39 mg/ml crude extract.
The solvent of the 39  mg/ml crude extract containing 
the residue (150 mg) was changed to ethyl acetate. Then, 
the crude extract in ethyl acetate was submitted to silica 
gel chromatography (C200, Wako Pure Chemical, Osaka, 
Japan, 1.2 × 20 cm). Elution was performed using ethyl ace-
tate, ethyl acetate:2-propanol (1:1, v/v), and methanol con-
secutively. Using agar-spot assay and ninhydrin coloration, 
active fractions were determined and collected. The residue 
in the active fractions was obtained by rotary evaporation 
at 37 °C and 30 hPa for 30 min. The residue (30 mg) was 
dissolved in ethanol:2-propanol (1:1, v/v) and subjected to 
silica gel chromatography (C200, Wako Pure Chemical, 
Osaka, Japan, 1.2 × 20  cm). Elution was performed using 
ethanol:2-propanol (1:1, v/v), and the active fraction was 
collected. The residue (15 mg) was concentrated from the 
active fraction by the rotary evaporation and resuspended in 
methanol. The methanol fraction was subjected to prepara-
tive thin-layer chromatography. The residue in the metha-
nol fraction was developed on thin-layer chromatography 
(TLC) silica gel plates (TLC aluminum sheets, 8 × 8  cm, 
SilicaGel 60F254, Merck Co. USA), followed by detection 
of the antifungal compound by TLC bioautography over-
lay assay and ninhydrin reaction. The active spot area of 
another developed TLC plate was collected, and the anti-
fungal compound was extracted with an aliquot of metha-
nol. The methanol fraction containing the residue (2.3 mg) 
was used as the purified antifungal compound.
Detection of antimicrobial activity
Antifungal activity against A. brasiliensis NBRC9455 was 
determined by agar-spot and TLC bioautography overlay 
assays. For the agar-spot assay, 50 µl of the crude extract 
at 5.0  mg/ml-methanol from strain YR247 was spotted 
onto the surface of the spore-mixed LB modified plate 
(pH 7.4) consisting of 1.0 × 104 spores/ml A. brasiliensis 
NBRC9455 spores. After incubation for 3 days at 37 °C, 
the inhibition zone (mm) at the spotted site was measured. 
For the TLC bioautography overlay assay, 10 µl of the puri-
fied antifungal compound at 1.0  mg/ml was developed 
using acetone:distilled water (7:1, v/v) on a TLC silica gel 
plate (TLC aluminum sheets, 8 × 8 cm, SilicaGel 60F254, 
Merck Co. USA). The developed TLC plate was placed in 
a petri dish and covered with the spore-mixed LB modi-
fied plate (pH 7.4) containing 1.0 × 104 spores/ml A. bra-
siliensis NBRC9455 spores. After incubation for 3 days 
at 37 °C, the inhibition zone of the developed plate was 
detected. Using another developed TLC plate, the antifun-
gal compound was detected by ninhydrin reaction. Antimi-
crobial activities against C. albicans NBRC1594, S. aureus 
 NBRC12732T, and E. coli  NBRC3301T were evaluated 
by the agar-spot assay described above. The crude extract 
(50 µl at 5 mg/ml-methanol) was spotted on each plate con-
taining 1.0 × 107 cfu/ml of each microorganism cells. After 
incubation 1–2 days at 28–37 °C, the inhibition zone on the 
spotted place was checked. All experiments for evaluation 
of the antimicrobial activity were carried out in triplicate.
Effects of temperature, pH, and proteinase K 
on antifungal activity
To examine the effect of temperature, the crude extract 
(5 mg/ml) was incubated at 4, 10, 28, 37, 60, 70, 80, 90, 
and 100 °C for 6  h respectively. After the sample was 
cooled to room temperature, the residual antifungal activity 
of the treated sample (50 µl) was tested by agar-spot assay 
using A. brasiliensis NBRC9455.
To evaluate the pH stability of the purified antifungal 
compound, pH values of the crude extract (5.0 mg/ml) were 
adjusted from 2.0 to 12.0 at intervals of 2.0 by substitution 
of each solvent by ultrafiltration, and the adjusted crude 
extract kept at 4 °C for 12 h. Afterward, the pH values were 
readjusted to 7.0, and the residual antifungal activity of the 
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treated sample (50 µl at the final concentration of 5.0 mg/
ml-distilled water) was tested by the agar-spot assay using 
A. brasiliensis NBRC9455.
For evaluation of the effect of proteinase K, the crude 
extract (5.0 mg/ml-distilled water) was treated with 1.7 mg 
of proteinase K (56 unit, Nacalai Tesque, Inc., Kyoto, 
Japan) at 37 °C for 30 min. The residual antifungal activ-
ity of the treated sample (50 µl) was tested by an agar-spot 
assay using A. brasiliensis NBRC9455. As positive and 
negative controls, the crude extract not treated with protein-
ase K and proteinase K solution not containing the crude 
extract were used, respectively, in the agar-spot assay.
Analysis of the antifungal compound by mass 
spectrometry
Electrospray ionization mass spectrometry (ESI–MS) 
analysis was performed to determine the molecular weight 
of the antifungal compound. The purified antifungal com-
pound (50.0 µg/ml) was introduced into a mass spectrom-
eter (Waters Q-TOF Premier, Micromass MS Technologies, 
Manchester, UK) at a flow rate of 10.0 μl/min with the cap-
illary voltage of 2.5 V, collision energy of 5.0 V, and source 
temperature of 100 °C.
Results
Isolation and identification of Aneurinibacillus sp. 
YR247
To establish an effective microorganism for the control 
of fungal contamination, antagonistic bacteria were iso-
lated from the deep-sea sediment taken at Sagami Bay, 
Japan, at a depth of 1171 m. One of them, strain YR247, 
exhibited a distinct antifungal activity against A. brasilien-
sis NBRC9455. Its 16S rRNA sequence consists of 1509 
nucleotides. The results of phylogenetic analysis based on 
16S rRNA gene sequence data are shown in Fig. 1; strain 
YR-247 clearly falls within the genus Aneurinibacillus and 
belongs to Firmicutes. The nucleotide sequence of the 16S 
rRNA gene of strain YR-247 was most closely related to 
those of Aneurinibacillus migulanus  B0270T (X94195) 
and Aneurinibacillus aneurinilyticus  MurayamaT (X94194) 
with similarities of 99% for both. The next closest level of 
similarity was Aneurinibacillus danicus  DB4T (AB112725) 
with 97% identity. The 16S rRNA sequence of strain 
YR247 was submitted to NCBI GenBank (accession no. 
LC110197).
Antimicrobial activity of the crude extract
Although we tried the detection of antifungal activity using 
culture supernatant of strain YR247, the antifungal activity 
against A. brasiliensis NBRC9455 was not detected (data 
not shown). Therefore, we prepared the crude extract from 
the bacterial cell pellet and examined the antifungal activity. 
As the results, the antifungal activity of the crude extract 
against A. brasiliensis NBRC9455 was detected. As shown 
in Table 1, the crude extract exhibited a wide antimicrobial 
activity against fungus A. brasiliensis NBRC9455, Gram-
positive bacterium S. aureus  NBRC12732T and Gram-neg-
ative bacterium E. coli  NBRC3301T, but not yeast C. albi-
cans NBRC1594. The inhibitory zones remained the same 
for several days (data not shown). Antimicrobial activities 
by the solvent against test strains were not detected by the 
agar spot assay.
Fig. 1  Phylogenetic tree showing the relationships between strain 
YR247 and related bacteria based on 16S rRNA gene sequences. 
Bootstrap values were calculated from multiple resamplings of the 
sequence data set, which are the basis for multiple tree topologies. 
GenBank accession numbers of 16S rRNA gene sequences are given 
in parentheses. Bar 0.01 nucleotide substitutions per site
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Effect of temperature, pH, and proteinase K 
on antifungal activity
To examine the thermostability, the crude extract con-
taining the antifungal compound was incubated at differ-
ent temperatures for 6  h. The residual antifungal activity 
was tested by an agar-spot assay (Fig.  2a). Treatment at 
4–70 °C did not decrease the antifungal activities (inhibi-
tion zone: 19.0–20.3  mM), whereas the activity was only 
slightly detected after being treated at 80 °C. The activities 
were not detected when the crude extracts were treated at 
90 and 100 °C. As shown in Fig. 2b, the antifungal activity 
was not affected at pH 2.0–12.0 after incubation at 4 °C for 
12 h (inhibition zone: 13.5–16.3 mM). Although antifungal 
activity was detected without the proteinase K treatment 
(inhibition zone: 13.5 mM), the antifungal activity was not 
observed after being treated with proteinase K at 37 °C for 
30 min (Fig. 2c).
Purification and mass analysis of the antifungal 
compound
Because the crude extract obtained from the YR247 cells 
stably exerted antifungal activity, it was further purified 
using silica gel chromatography and preparative thin-layer 
chromatography. Approximately 2.3  mg of the antifun-
gal compound was purified from the YR245 cell pellet 
(13.5  g). The  Rf value of the antifungal compounds was 
0.62 using acetone:distilled water (7:1, v/v) on TLC silica 
gel plates (Fig. 3a). As shown in the mass spectrum at neg-
ative ion mode of the purified fraction (Fig. 3b), the molec-
ular weight of the antifungal compound was estimated to be 
1167.9 because the molecular ion peaks at m/z 1167.4 and 
582.7 probably correspond to the charged ion [M−H]− and 
the doubly charged ion [M−2H]2−, respectively (Gibson 
et al. 1993; Tilvi and Naik 2007). The calculation of molec-
ular weight is indicated as follows:
The molecular weight of the antifungal compound 
was estimated as 1167.9 using the average of both values 
(1168.4 and 1167.4).
Discussion
Aneurinibacillus sp. YR247 was isolated from the deep-
sea sediment inside the Calyptogena community at a depth 
of 1171  m in Sagami Bay of Japan. The strain exhibited 
antifungal activity against A. brasiliensis NBRC9455. 
[M − H]; 1167.4 + 1.0 = 1168.4
[M − 2H]; 582.7 × 2 + 2.0 = 1167.4
Table 1  Antimicrobial activities of the crude extract from Aneurini-
bacillus sp. YR247 cells
Using 50  µl of the crude extract (5  mg/ml-methanol), an agar-spot 
assay was carried out in triplicate
+ inhibited, − not inhibited
Test strains Inhibitory activity Inhibi-
tion zone 
(mm)
Aspergillus brasiliensis + 20.3
Candida albicans − 0.0
Staphylococcus aureus + 21.7
Escherichia coli + 14.9
Fig. 2  Effects of temperature, 
pH, and proteinase K on the 
antifungal compound. Using 
5 mg/ml of the crude extract 
prepared from YR247 cells, the 
residual antifungal activities 
were evaluated by agar-spot 
assay in triplicate. After 
incubation at each temperature 
(a), each pH (b), and with or 
without proteinase K (c), each 
residual antifungal activity was 
evaluated. + addition, − no 
addition. MeOH methanol, D.W. 
distilled water
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Using the crude extract prepared from YR247 cells, the 
antimicrobial activities were detected against A. brasil-
iensis NBRC9455, Gram-positive bacterium S. aureus 
 NBRC12732T, and Gram-negative bacterium E. coli 
 NBRC3301T, but not yeast C. albicans NBRC1594. The 
antifungal compound from strain YR247 was stable at 
4–70 °C and pH 2.0–12.0. The antifungal compound was 
shown to have a rather stable structure as it retained activity 
after incubation at high temperatures and over a wide pH 
range as well as bacteriocin-like inhibitory substance from 
Bacillus cereus ATCC 14,579 and antifungal peptides from 
Bacillus sp. BH072 (Risøen et al. 2004; Zhao et al. 2013). 
After treatment with proteinase K, the antifungal activity 
was not detected, indicating that the antifungal compound 
is a peptidic compound (Fig. 2c).
Among the related strains, it was already reported that 
Aneurinibacillus migulanus  ATCC9999T produces the 
cyclic peptide gramicidin S (Berditsch et al. 2007a). Bacil-
lus brevis produces a mixture containing linear peptides, 
namely, gramicidin A (valine-gramicidin A and isoleu-
cine-gramicidin A), gramicidin B (valine-gramicidin B 
and isoleucine-gramicidin B), and gramicidin C (valine-
gramicidin C and isoleucine-gramicidin C) (Tang et  al. 
1992). B. brevis also produces cyclic peptides, namely, 
tyrocidine A, tyrocidine B, and tyrocidine C. It was also 
reported that those peptides exhibit antimicrobial activities 
against Gram-positive bacteria including S. aureus and B. 
subtilis and Gram-negative bacteria including E. coli (Dan-
ders et al. 1982). Additionally, iturin A-like peptides from 
Bacillus sp. BH072 exhibited antifungal activities against 
A. brasiliensis (previously called (A) niger), Pythium, and 
Botrytis cinerea and had no inhibition on E. coli and S. 
aureus (Zhao et al. 2013). Fengycin-like peptide and iturin-
like peptides from Bacillus amyloliquefaciens LBM 5006 
exhibited antifungal activities against Aspergillus spp., 
Fusarium spp., and Bipolaris sorokiniana (Benitez et  al. 
2010). Bacillomycin-like peptides from (B) subtilis B-FS06 
inhibited the growth and spore germination of Aspergillus 
flavus (Zhang et al. 2008). Compared with related studies, 
we indicated that the antifungal peptide from strain YR247 
is responsible for the anti-Aspergillus activity.
ESI–MS analysis of the antifungal peptide from strain 
YR247 indicated an average molecular weight of 1167.9 
(Fig.  3). The molecular weights of gramicidin S (MW 
1140.5), valine-gramicidin A (MW 1881.1), isoleucine-
gramicidin A (MW 1895.1), valine-gramicidin B (MW 
1842.1), isoleucine-gramicidin B (MW 1856.1), valine-
gramicidin C (MW 1858.1), isoleucine-gramicidin C (MW 
1872.1), tyrocidine A (MW 1269.7), tyrocidine B (MW 
1308.7), tyrocidine C (MW 1347.7), iturin A-like peptides 
(MW 1057.6, 1071.5, 1016.7, 1030.5, 1044.8, 1034.7, and 
1058.9), fengycin-like peptide (MW 1464), and bacillomy-
cin-like peptides (MW 1071.6) have been reported (Benitez 
et al. 2010; Laiko et al. 2000; Tang et al. 1992; Zhang et al. 
2008; Zhao et  al. 2013). Comparison of each molecular 
weight indicated that the antifungal compound from strain 
YR247 (MW 1167.9) is structurally different from these 
antimicrobial peptides. Based on these results, the deep-sea 
bacterium Aneurinibacillus sp. YR247 probably produces a 
novel antifungal peptide.
In the case of strain YR247, Table  1 suggests that 
the antifungal peptidic compound exhibits the similar 
Fig. 3  TLC bioautography overlay assay and ESI–MS analysis of 
purified antifungal compound. A TLC bioautography overlay assay 
was carried out using 10 µl of the 1.0 mg/ml purified antifungal com-
pound. a The purified antifungal compound  (Rf value; 0.62) is indi-
cated by triangles. Detections by ninhydrin reaction (left) and TLC 
bioautography overlay assay (right) are indicated. The detection of 
antifungal compound was carried out in triplicate. b ESI–MS analysis 
of the 50  µg/ml purified antifungal compound indicated the doubly 
charged ion peak (m/z 1167.4) and the charged ion peak (m/z 582.7)
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bactericidal activities. In addition to these bactericidal 
activities, gramicidin S from A. migulanus  ATCC9999T 
exhibits antifungal activity against C. albicans (Konde-
jewski et al. 1996). However, in the case of strain YR247, 
although antifungal activity against A. brasiliensis 
NBRC9455 was detected, antifungal activity against C. 
albicans NBRC1594 was not detected (Table  1). Thus, 
the results suggest that the peptidic compound from strain 
YR247 is distinct from gramicidin S. The antifungal activ-
ity of iturin and related lipopeptides depends on the com-
position of the length of the lipid chain (Maget-Dana and 
Peypoux 1994; Moyne et al. 2001). We indicated antifun-
gal peptide with molecular weight of 1167.9. We suggested 
that two methylene groups (–CH2–) in the aliphatic chain 
of the antifungal peptide is more than that of gramicidin 
S (MW 1140.5). The difference in antimicrobial activity 
against C. albicans may depends on the composition of the 
length of the aliphatic chain.
Action mechanism of antibacterial activity by grami-
cidin S is assumed to be the accumulation of significant 
amounts of gramicidin S in a membrane, resulting in the 
destruction of the membrane integrity and a leakage of 
alkaline metal cations and protons (Mogi and Kita 2009). 
Although gramicidin S seems to be useful as a biocontrol 
agent against the agricultural pathogens, the hemolytic 
activity of gramicidin S restricts its use to topical applica-
tions. In this study, we purified gramicidin-like novel anti-
fungal peptide from the deep-sea bacterium. The hemolytic 
activity of the antifungal peptide from strain YR247 should 
be examined and antibacterial and antifungal spectra needs 
to be determined. We expect elucidation of the action 
mechanism of the antifungal peptide from YR247 is use-
ful for development of the biocontrol agent against the food 
and agricultural pathogens.
Acknowledgements This work was supported by Grant-in-Aid for 
Young Scientists (B) (no. 26870731) from JSPS (to A.K.).
Open Access This article is distributed under the terms of the 
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted 
use, distribution, and reproduction in any medium, provided you give 
appropriate credit to the original author(s) and the source, provide a 
link to the Creative Commons license, and indicate if changes were 
made.
References
Ando H, Hatanaka K, Ohata I, Yamashita-Kitaguchi Y, Kurata A, 
Kishimoto N (2012) Antifungal activities of volatile substances 
generated by yeast isolated from Iranian commercial cheese. 
Food Control 26:472–478
Ando H, Kurata A, Kishimoto N (2015) Antimicrobial properties and 
mechanism of volatile isoamyl acetate, a main flavour component 
of Japanese sake (Ginjo-shu). J Appl Microbiol 118:873–880
Aono E et  al (2010) Complete genome sequence and comparative 
analysis of Shewanella violacea, a psychrophilic and piezo-
philic bacterium from deep sea floor sediments. Mol Biosyst 
6:1216–1226
Benitez LB, Velho RV, Lisboa MP, da Costa Medina LF, Brandelli 
A (2010) Isolation and characterization of antifungal peptides 
produced by Bacillus amyloliquefaciens LBM5006. J Micro-
biol 48:791–797
Berditsch M, Afonin S, Ulrich AS (2007a) The ability of Aneurini-
bacillus migulanus (Bacillus brevis) to produce the antibiotic 
gramicidin S is correlated with phenotype variation. Appl 
Environ Microbiol 73:6620–6628
Berditsch M, Afonin S, Ulrich AS (2007b) The ability of Aneurini-
bacillus migulanus (Bacillus brevis) to produce the antibiotic 
gramicidin S is correlated with phenotype variation. Appl 
Environ Microbiol 73:6620–6628
Boetius A et  al (2000) A marine microbial consortium appar-
ently mediating anaerobic oxidation of methane. Nature 
407:623–626
Bonmatin JM, Laprévote O, Peypoux F (2003) Diversity among 
microbial cyclic lipopeptides: iturins and surfactins. Activity-
structure relationships to design new bioactive agents. Comb 
Chem High Throughput Screen 6:541–556
Cheli F, Campagnoli A, Dell’Orto V (2013) Fungal populations and 
mycotoxins in silages: from occurrence to analysis. Anim Feed 
Sci Technol 183:1–16
Danders W, Marahiel M, Krause M, Kosui N, Kato T, Izumiya N, 
Kleinkauf H (1982) Antibacterial action of gramicidin S and 
tyrocidines in relation to active transport, in vitro transcription, 
and spore outgrowth. Antimicrob Agents Chemother 22:785–790
Fang J, Shizuka A, Kato C, Schouten S (2006) Microbial diversity 
of cold-seep sediments in Sagami Bay, Japan, as determined 
by 16S rRNA gene and lipid analyses. FEMS Microbiol Ecol 
57:429–441
Felsenstein J (1985) Confidence limits on phylogenies: an approach 
using the bootstrap. Evolution 39:783–791
Fujiwara Y, Kato C, Masui N, Fujikura K, Kojima S (2001) Dual 
symbiosis in the cold-seep thyasirid clam Maorithyas hadalis 
from the hadal zone in the Japan Trench, western Pacific. Mar 
Ecol Prog Ser 214:151–159
Gibson B, Melaugh W, Phillips NJ, Apicella M, Campagnari A, 
Griffiss J (1993) Investigation of the structural heterogeneity of 
lipooligosaccharides from pathogenic Haemophilus and Neisse-
ria species and of R-type lipopolysaccharides from Salmonella 
typhimurium by electrospray mass spectrometry. J Bacteriol 
175:2702–2712
Heijs SK, Haese RR, Van der Wielen PW, Forney LJ, Van Elsas JD 
(2007) Use of 16S rRNA gene based clone libraries to assess 
microbial communities potentially involved in anaerobic meth-
ane oxidation in a Mediterranean cold seep. Microb Ecol 
53:384–398
Hiyoshi A, Miyahara K, Kato C, Ohshima Y (2011) Does a DNA-less 
cellular organism exist on Earth? Gens Cells 16:1146–1158
Igarashi M, Kinoshita N, Ikeda T, Nakagawa E, Hamada M, Takeuchi 
T (1997) Formamicin, a novel antifungal antibiotic produced by 
a strain of Saccharothrix sp. I. Taxonomy, production, isolation 
and biological properties. J Antibiot 50:926–931
Kimura M (1980) A simple method for estimating evolutionary rates 
of base substitutions through comparative studies of nucleotide 
sequences. J Mol Evol 16:111–120
Kondejewski LH, Farmer SW, Wishart DS, Kay CM, Hancock RE, 
Hodges RS (1996) Modulation of structure and antibacterial and 
hemolytic activity by ring size in cyclic gramicidin S analogs. J 
Biol Chem 271:25261–25268
Kulm L et al (1986) Oregon subduction zone: venting, fauna, and car-
bonates. Science 231:561–566
 World J Microbiol Biotechnol (2017) 33:73
1 3
73 Page 8 of 8
Kurata A, Miyazaki M, Kobayashi T, Nogi Y, Horikoshi K (2007) 
Alkalimonas collagenimarina sp. nov., a psychrotolerant, obli-
gate alkaliphile isolated from deep-sea sediment. Int J Syst Evol 
Microbiol 57:1549–1553
Laiko VV, Moyer SC, Cotter RJ (2000) Atmospheric pressure 
MALDI/ion trap mass spectrometry. Anal Chem 72:5239–5243
Lane D (1991) 16S/23S rRNA sequencing. Nucleic acid techniques in 
bacterial systematics. Wiley, Chichester, pp 115–175
Li L, Kato C (1999) Microbial diversity in the sediments collected 
from cold-seep areas and from different depths of the deep-
sea. Extremophiles in deep-sea environments. Springer, Berlin, 
pp 55–88
Li L, Guenzennec J, Nichols P, Henry P, Yanagibayashi M, Kato C 
(1999a) Microbial diversity in Nankai Trough sediments at a 
depth of 3843 m. J Oceanogr 55:635–642
Li L, Kato C, Horikoshi K (1999b) Microbial diversity in sediments 
collected from the deepest cold-seep area, the Japan Trench. Mar 
Biotechnol 1:391–400
Maget-Dana R, Peypoux F (1994) Iturins, a special class of pore-
forming lipopeptides: biological and physicochemical properties. 
Toxicology 87:151–174
Mogi T, Kita K (2009) Gramicidin S and polymyxins: the revival 
of cationic cyclic peptide antibiotics. Cell Mol Life Sci 
66:3821–3826
Moyne AL, Shelby R, Cleveland T, Tuzun S (2001) Bacillomycin D: 
an iturin with antifungal activity against Aspergillus flavus. J 
Appl MIcrobiol 90:622–629
Nakai T, Yamauchi D, Kubota K (2005) Enhancement of linear gram-
icidin expression from Bacillus brevis ATCC 8185 by casein 
peptide. Biosci Biotech Biochem 69:700–704
Ohno A, Ano T, Shoda M (1995) Effect of temperature on produc-
tion of lipopeptide antibiotics, iturin A and surfactin by a dual 
producer, Bacillus subtilis RB14, in solid-state fermentation. J 
Ferment Bioeng 80:517–519
Risøen P, Rønning P, Hegna I, Kolstø AB (2004) Characterization of 
a broad range antimicrobial substance from Bacillus cereus. J 
Appl Microbiol 96:648–655
Saitou N, Nei M (1987) The neighbor-joining method: a new method 
for reconstructing phylogenetic trees. Mol Biol Evol 4:406–425
Sibuet M, Olu K (1998) Biogeography, biodiversity and fluid depend-
ence of deep-sea cold-seep communities at active and passive 
margins. Deep-Sea Res Part II 45:517–567
Skropeta D (2008) Deep-sea natural products. Nat Prod Rep 
25:1131–1166
Tang X-J, Thibault P, Boyd RK (1992) Characterisation of the tyro-
cidine and gramicidin fractions of the tyrothricin complex from 
Bacillus brevis using liquid chromatography and mass spectrom-
etry. Int J Mass Spectrom 122:153–179
Thompson JD, Gibson TJ, Plewniak F, Jeanmougin F, Higgins DG 
(1997) The CLUSTAL_X windows interface: flexible strategies 
for multiple sequence alignment aided by quality analysis tools. 
Nucleic Acids Res 25:4876–4882
Tilvi S, Naik C (2007) Tandem mass spectrometry of kahalalides: 
identification of two new cyclic depsipeptides, kahalalide R and 
S from Elysia grandifolia. J Mass Spectrom 42:70–80
Urakawa H, Kita-Tsukamoto K, Ohwada K (1999) Microbial diver-
sity in marine sediments from Sagami Bay and Tokyo Bay, 
Japan, as determined by 16S rRNA gene analysis. Microbiology 
145:3305–3315
Urakawa H, Yoshida T, Nishimura M, Ohwada K (2000) Characteri-
zation of depth-related population variation in microbial com-
munities of a coastal marine sediment using 16S rDNA-based 
approaches and quinone profiling. Environ Microbiol 2:542–554
Zhang T, Shi ZQ, Hu LB, Cheng LG, Wang F (2008) Antifungal 
compounds from Bacillus subtilis B-FS06 inhibiting the growth 
of Aspergillus flavus. World J Microbiol Biotechnol 24:783–788
Zhao X, Zhou ZJ, Han Y, Wang ZZ, Fan J, Xiao HZ (2013) Isola-
tion and identification of antifungal peptides from Bacillus 
BH072, a novel bacterium isolated from honey. Microbiol Res 
168:598–606
